A novel series of oxo-1,2,3,4-tetrahydropyrazino[1,2-a]indoles were synthesized via a two-step pathway. In the first step, Ugi-four-component condensation of 2-formylindole, amines, (E)-4-alkoxy-4-oxobut-2-enoic acids, and isocyanides gave the corresponding Ugi-adducts. This adduct underwent intramolecular hydroamination in the presence of K 2 CO 3 in CH 3 CN at room temperature to afford diastereoselective synthesis of a range of oxo-1,2,3,4-tetrahydropyrazino[1,2-a]indoles. A comparison of experimentally observed CD and UV-visible spectra with the theoretical DFT calculated ECD spectra was used to predict the major diastereomer.
Introduction
Rapid access to molecular complexity, diversity, and, in particular, regioselectivity and stereoselectivity from simple starting materials is significantly useful in organic synthesis and drug discovery [1] [2] [3] [4] [5] [6] . Multicomponent reactions (MCRs) offer a powerful tool to complexity-generating approach to readily conversion of three or more starting materials into a single product in an atom-and step-economical way in a one-pot manner. In recent decade, MCRs have offered an opportunity for the synthesis of various highly functionalized compounds. MCRs are an important synthetic strategy, since they allow easy access to numerous libraries of organic products including those that comprise various functional groups [7] [8] [9] . In this regard, combining an MCR with an already established post-MCR transformation, typically a cyclization process, has been proven to be a powerful strategy to generate highly functionalized heterocyclic compounds [10] . Nevertheless, the efficiency of these sequential MCRs/post-MCRs processes, generally leading to single framework of various heterocyclic systems. This limitation can be accredited to the discouraging challenge fronting current synthesis for accomplishing the high levels of region and stereoselectivity [11] .
Thus, the power of the MCR/post-transformation sequence should be reinforced using the linear MCR-adduct, which upon cyclization giving various and divergent heterocyclic framework. The Ugi-4CR is by far one of the most fruitful multicomponent reactions resulted in high structural diversity and molecular complexity. Remarkably, the Ugi-4CR gives majorly a linear peptide scaffold, which can be used in several sequential reactions, the so-called post-Ugi transformations comprising cyclization of Ugi-4CR products leading into the construction of various heterocyclic systems, especially for the purpose of drug discovery [12] . In Ugi-four-component reaction, a wide range of commercially available or easily accessible starting materials, namely aldehydes, amines, isocyanides, and carboxylic acids, are used to provide a large library of acyclic Ugi-adducts [13, 14] . Post-condensation reactions of these Ugi-adducts offer a particularly effective sequential reaction for the formation of diverse complex products, including an extensive range of heterocyclic systems [8, [15] [16] [17] [18] [19] [20] [21] . Natural and synthetic heterocyclic compounds bearing indole motifs have attracted considerable interest from both structural and biological points of view [22, 23] . Post-condensation reactions of Ugi-4CR adducts give several biologically important heterocycles which was screened being proven to act as antidepressant [24] [25] [26] , anti-bacterial [27] [28] [29] [30] [31] , anti-inflammatory [32] and being analgesics, etc [33] .
Indole is one of the most projecting and important moiety heterocyclic systems in natural products and pharmaceutical compounds [34] . In addition, it is a privileged synthon from the point of view of diversity, since there are at least three reactive sites in its structure. A plethora of indole derivatives exhibiting diverse biologically activities have been synthesized via MCRs [35] .
In 2015, the importance and diversity of post-Ugi-4CRs for the construction of a divergently oriented heterocyclic systems has been extensively reviewed [12] . We are interested in heterocyclic chemistry [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] and reported the synthesis of several heterocyclic systems via MCRs [46] [47] [48] [49] [50] [51] [52] [53] . We have also recently reported the synthesis of various heterocyclic systems via the appropriate postUgi-adducts reaction [54] [55] [56] [57] [58] . Herein, we wish to report a transition metal-free catalyzed and highly region-and diastereoselective approach towards the synthesis of oxo-1,2,3,4-tetrahydropyrazino[1,2-a]indoles.
Experimental

Chemicals
Chemicals were purchased from Fluka, Merck, and Aldrich chemical companies. Melting points are uncorrected. IR spectra were recorded on an FT-IR Tensor 27 Spectrophotometer. Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance 400 MHz Spectrometer in DMSO-d 6 as solvent. A Leco CHNS, model 932 was used for elemental analysis. All products were characterized using IR, 1 H-NMR, and 13 C-NMR spectroscopy and elemental analysis (see Electronic Supplementary Information (ESI).
General procedure
General procedure for the synthesis of Ugi-adduct 3a-j
To a stirred solution of 2-formylindole (1 mmol) and amine (1 mmol) in MeOH (5 mL), carboxylic acid (1 mmol) and then isocyanide (1 mmol) at reflux were added. The reaction process was monitored by TLC. After 24 h, the residue was filtered and washed with methanol and Et 2 O. The solid was dried collected as pure product and used for further reactions.
General procedure for synthesis of oxo-1,2,3,4-tetrahydrop yrazino[1,2-a]indoles 4a-j A mixture of Ugi product 5 (1 mmol) and K 2 CO 3 (0.5 mmol) in dry CH 3 CN (5 mL) was stirred at room temperature for 7-12 h. After completion of reaction (checked by TLC), water (20 mL) was added to the reaction mixture and it was extracted with ethyl acetate (3 × 20 mL). The organic phase was dried over Na 2 SO 4 , the solvent was removed under reduced pressure, and the resulting residue was purified by column chromatography using ethyl acetate/petroleum ether = 1/3 as eluent and silica gel as stationary phase. Methyl 4-(2-(cyclohexylamino)-1-(1H-indol-2-yl) 
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Results and discussion
Initially, we synthesized Ugi-4CR product 3a via the condensation of easily accessible 2-formylindole 1 with commercially available butenoic acid 2a, p-toluidine toluidine, and cyclohexyl isocyanide as a model reaction. Expectedly, this reaction proceeded smoothly, at room temperature when MeOH was used as solvent to give the corresponding Ugi-adduct 3a in high yield (Scheme 1, Table 1 ). It is worthwhile to mention, before finding the above-optimized reaction conditions, a series of experiments were conducted using different solvents in different temperature. The best results regarding the yields of products were obtained using MeOH as solvent at room temperature within 24 h. As shown in Table 1 , the other derivatives of linear diamide 3 were prepared under the above-mentioned optimal reaction conditions. We decided to attempt the cyclization process of 3. In our delight, compound 4a was formed in a basic media. For selection of base and solvent, we examined different bases such as K 2 CO 3 , Cs 2 CO 3 , DABCO, Na 2 CO 3 , NaOH, KOtBu, Et 3 N, and pyridine in CH 3 CN, DMF, and CH 2 Cl 2 as solvent. Finally, we realized that K 2 CO 3 in CH 3 CN gives the best result in term of yields and rate of conversion at room temperature (Tables 1, 2, entry 1) . As shown in with star Scheme 1, for Ugi-adduct 3, it has five potential nucleophile positions and two potential electrophile positions which could form a mixture of different heterocycles. Surprisingly, the spectral analysis of isolated compound confirmed one diastereoisomer of methyl 2-(1-(cyclohexylcarbamoyl)-3-oxo-2-(p-tolyl)-1,2,3,4-tetrahydropyrazino[1,2-a]indol-4-yl)acetate 4a. This regioselective cyclization is probably achieved via the control of some elements such as the distinctive nucleophilicity and affinity of the reactive sites as well as size of ring in 4a for different promoters provided by the deliberate choice of reaction conditions which allows the regioselective cyclizations to afford a definite, instead of diverse sets of heterocyclic compounds.
To find and optimize the selectivity and yield of the product 4a, various reaction conditions were examined. Inorganic bases such as Na 2 CO 3 , Cs 2 CO 3 , NaOH, and KOt-Bu and organic bases as Et 3 N, DABCO, and pyridine in different solvents did not give better results (Table 2 , entries 1-10). Using AlCl 3 gave also 4a but in low yield (Table 2, entry 11). Thus, various linear Ugi-4CR adducts were cyclized in the presence of K 2 CO 3 in CH 3 CN (Scheme 1).
To evaluate the scope and limitations of the reaction, all substrates 3 possessing electron-rich as well as electron-poor substituents underwent intramolecular hydroamination reaction leading to the formation of the related products 4 in 7-12 h and good yields (78-90%). As it is clear, compound 4a has two chiral centers, and, thus, can be existed in four diastereomeric forms, as illustrated in Fig. 1 .
All products were characterized using IR, 1 H-NMR, and 13 C-NMR spectroscopy and elemental analysis [see Electronic Supplementary Information (ESI)]. Next, we decided to go further and examine the diastereoselectivity of the above-mentioned reaction and determine the structure of the major diastereomer, using experimental and computational ECD spectra. The definition of electronic circular dichroism (ECD) is relatively specific for chiral molecules. There are no known reports for the characterization of nonchiral molecules using ECD. Although there were no chiral reagents used in this investigation, the computational ECD was used to predict the major diastereomer that will form, by comparison with the experimental CD study. Although the simulation of an ECD spectrum is not clearly documented [59] , this technique to determine the relative configuration of asymmetric adducts is gaining popularity [60] . To determine the relative configuration of the reaction products, the ECD was calculated for the four possible diastereomers of 4a, 4g, 4i, and 4j using time-dependent density functional theory (TDDFT) to simulate the experimentally observed ECD spectrum [61, 62] . For this discussion, the details of the resolution of structure 4a are presented. The possible diastereomers (Fig. 1) were constructed with the (S,R), (R,S), (S,S), and (R,R) absolute configurations and then optimized.
The experimental ECD measurements were carried out in acetonitrile. Hence, the self-consistent reaction field (SCRF) with polarizable continuum model (PCM) was used for the simulation of the solution state ECD spectra in acetonitrile [63] . A comparison of the experimentally measured CD for 4a and the computed ECD spectra of the four possible diastereomers of 4a are presented in Fig. 2 . From the experimental CD, it can be seen that it is best matched with the solution state ECD spectrum of 4a′′ (Fig. 2c) . UV-visible spectrum of the experimental CD measurement as well as the ECD calculation were also compared (Fig. 3) . Here, only the UV-visible spectrum of 4a″ is presented. As can be realized, there is a perfect match with the experimental UV-visible spectrum. The configuration of 4a was also confirmed by X-ray crystallography (Fig. 4b, ESI) . The crystallographic data of 4a, calculated and experimental ECD and UV-visible spectra of 4g, 4i and 4j, and the XYZ coordinates and all the optimized gas-phase structures are presented in the ESI. 12 20 Furthermore, for comparison of the experimental and theoretical chemical shifts, the optimized geometry of compound 4a in gas phase was re-optimized in DMSO at the same level of calculations. All calculations were performed using the Gaussian 98 [64] software. The geometry optimization of all studied compounds was performed employing a hybrid Hartree-Fock-density functional scheme, the adiabatic connection method-Becke three-parameter with Lee-Yang-Parr (B3LYP) functional of density functional theory (DFT) Fig. 1 The four possible diastereomers of 4a Fig. 2 a-d Calculated ECD spectra of the four possible diastereomers of 4a; e Experimental CD of 4a using the Hartree-Fock-density functional scheme [65, 66] with the 6-311 + + G** basis set. Full optimizations were performed without any symmetry constrains. Harmonic vibrational frequencies were computed to confirm that an optimized geometry correctly corresponds to a local minimum that has only real frequencies. The solvent effects on the conformational equilibrium were investigated with using polarized continuum (overlapping spheres) model (PCM) of Tomasi and co-workers [63] at the same level of calculations. Solvation calculations were carried out for acetonitrile and DMSO with the geometries optimization for these solvents.
NMR computations of absolute shielding were performed using the GIAO method [67] at the DFT optimized structure in present of solvent. The 1 H and 13 C chemical shifts were calculated using the corresponding absolute shielding calculated for Me 4 Si at the same level of theory.
Conclusion
In conclusion, a two-step synthetic method for the synthesis of novel oxo-1,2,3,4-tetrahydropyrazino[1,2-a]indole derivatives is described via a convenient Ugi 4-CR of butenoic acids, 2-formylindole, amines, and isocyanides, followed by the selective intramolecular hydroamination cyclization in the presence of K 2 CO 3 in CH 3 CN at room temperature. Computational and experimental ECD and UV-visible spectroscopy were successfully used to predict the major diastereomer.
